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METHOD AND APPARATUS FOR A
THERMAL PROTECTION UNIT

This 15 a continuation of application Ser. No. 08/144.451,
filed 27 Oct. 1993.

TECHNICAL FIELD

This invention relates generally to electronic circuits and

more particularly to a thermal protection unit for electronic
circuits.

BACKGROUND OF THE INVENTION

The problem of circuits overheating is well known in the
art. Typically, the circuits are tested to determine the maxi-
mum thermal conditions that the circuits can withstand and
then appropriate cooling is provided, such as a fan, to
prevent such a condition from occurring.

Computer circuitry is particularly susceptible to overheat-
ing and the computer may be occasionally used in conditions
outside specified normal ranges. For example, ambient tem-
peratures may exceed the specifications for the computer
such as when air conditioning is temporarily out of order or
collected dust and other contaminants may prevent the
cooling fans from working properly. As a result, some form
of heat detection such as a thermistor may be coupled to a
fan to prevent the computer circuits from overheating by
increasing the fan speed when the thermistor detects that the
computer may be overheating. However, thermistors and
many other types of analog sensors are subject to inaccura-
cies from unit variation and from degradation over time. As

a result, some overheating conditions may not be detected by
a thermistor.

DISCLOSURE OF THE INVENTION

The present invention includes an apparatus for managing
operations of a circuit, including apparatus for computing a
cumulative thermal load caused by instructions to be
executed by the circuit, apparatus for determining whether
the cumulative thermal load exceeds a thermal range of the
circuii, and apparatus, coupled to the apparatus for deter-
mining, for reducing the cumulative thermal load of the
circuit prior to execution of the instructions determined to
cause the thermal range to be exceeded. In addition, the
present invention includes an apparatus for managing opera-
tions of a circuit, including apparatus for computing a
cumulative thermal load by accumulating predetermined
thermal load values for the circuit when receiving a signal
irom the circuit, apparatus for determining whether the
cumulative thermal load exceeds a thermal range of the
circuit, and apparatus, coupled to the apparatus for deter-
mining, for reducing the cumulative thermal load of the
circuit when the thermal load is determined to exceed the
thermal range of the circuit. Furthermore, the present inven-
tion includes a method for managing operations of a circuit,
including the steps of computing a cumulative thermal load
caused by instructions to be executed by the circuit, deter-
mining whether the cumulative thermal load exceeds a
thermal range of the circuit, and reducing, subsequent to the
step of determuning, the cumulative thermal load of the
circuit prior to execution of the instructions determined to
cause the thermal range to be exceeded. In addition, the
present invention includes a method for managing opera-
tions of a circuit, including the steps of computing a cumu-
lative thermal load by accumulating predetermined thermal
load values for the circuit when receiving a signal from the
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circuit, determining whether the cumulative thermal load
exceeds a thermal range of the circuit, and reducing, sub-
sequent to the step of determining, the cumulative thermal
load of the circuit when the thermal load is determined to
exceed the thermal range of the circuit.

A further understanding of the nature and advantages of
the present invention may be realized by reference to the
remaining portions of the specification and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a typical digital computer
utilized by a preferred embodiment of the invention:;

FIG. 2 is a block diagram of a data compress/decompress
adapter according to a preferred embodiment of the inven-
tion;

FIG. 3 i1s a flowchart illustrating operation of the thermal
protection unit described in FIG. 2;

FIG. 4 is a block diagram of an alternative embodiment of
the invention; and

FIG. 5 1s a flowchart illustrating operation of the thermal
control unit described in FIG. 4.

BEST MODE FOR CARRYING OUT THE
INVENTION

This disclosure describes a thermal protection circuit that
models the thermal characteristics of a circuit and then acts
to prevent the circuit from overheating. The thermal protec-
tion circuit 1s particularly applicable to circuitry that is used
sporadically rather than constantly. That is, circuitry that is
used sporadically and may need minimal cooling under
normal conditions, but may overheat in a few unusual
situations where the circuitry is used continuously or nearly
continuously. The circuitry could be packaged or cooled
sufficiently to allow for all such conditions, but such an
approach may be unnecessarily expensive. As a result, the
present invention allows the use of less expensive packaging
with less effective cooling capabilities or the use of the same
packaging with more powerful or faster circuitry.

FIG. 11s a block diagram of a typical digital computer 100
utilized by a preferred embodiment of the invention. The
computer includes main processor(s) 110 coupled to a main
memory 120 in computer box 105 with input device(s) 130
and output device(s) 140 attached. Main processor(s) 110
may include a single processor or multiple processors. Input
device(s) 130 may include a keyboard, mouse, tablet or
other types of input devices. Output device(s) 140 may
include a text monitor, plotter or other types of output
devices. The main processor may also be coupled to graph-
ics output device(s) 210 such as a graphics display through
a graphics adapter 200. Graphics adapter 200 may be located
in an adapter slot 160A. Graphics adapter 200 receives
instructions regarding graphics from main processor 110 on
bus 150, thereby rendering the desired graphics output from
the main processor. A modem or other communications
adapter 250 and a hard disk 255 may also be located in slots
160C and 160D to provide communications with main
processor 110 across bus 150. Modem 250 may communi-
cate with other data processing systems 270 across commu-
nications line 260. Computer readable removable media

290, such as a magnetic diskette or a compact disc, may be

inserted into an input/output device 285, such as a disk drive
or a CD-ROM (compact disc—read only memory) driver.
Data is read from or written to the removable media by the
I/0 device under the control of the I/0 device controller 280.
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The I/O device controller communicates with the main
processor through slot 160E across bus 150. Main memory

120, hard disk 255 and removable media 290 are all referred

to as memory for storing data for processing by processor
110. |

Data compress/decompress adapter 295 is a device for
compressing or decompressing data and may be located in

slot 160B. The adapter may be located in many other
locations including in hard disk 255 or directly coupled to

main processor 110. In the present example, data may be
sent from main memory 120 across bus 150 to data com-
press/decompress adapter 295 for compression. The data
compress/decompress adapter 295 may then send the com-

pressed data across bus 150 to hard disk 255 for storage. As
a result, the effective storage capacity of the hard disk is
increased substantially. When required again for use by main
processor 110, the compressed data is transferred from hard

disk 235 to data compress/decompress adapter 295 across

bus 150 for decompression. The compress/decompress
adapter 295 may then send the decompressed data across bus
150 to the main processor 110 for its use. Data may also be
compressed prior to storing on removable media 290,
thereby increasing the storage capacity of the removable
media. Furthermore, data may be compressed prior to send-
ing the data to other data processing systems through
modem 2350 across communications line 260, thereby
increasing the effective speed of communications. Other
uses of compressed data are well known in the art.

FIG. 2 1s a block diagram of a data compress/decompress
adapter 300 according to a preferred embodiment of the
invention. If data is to be compressed, then it is received by
unit A 310 across bus 305. However, if the data is to be
decompressed, then it is received by unit B 315 across bus
305. Units A & B may utilize one of many types of data
compression or decompression, many of which are known in
the art. For example, the data compression and decompres-
sion devices may be those described in commonly assigned
patent application Ser. No. 07/807,007, entitled “METHOQOD
AND APPARATUS FOR COMPRESSING DATA”, filed
Dec. 13, 1991, hereby incorporated by reference. The opera-
tions of units A & B are clocked by clock 320. That is, the
speed of clock 320 determines the speed of the data com-
pression or the data decompression.

Data compression and data decompression may require
many rapid searches of previous data compressed or decom-
pressed by the data compression or decompression units. As
a result, data compression and decompression devices may
typically use large quantities of power, thereby generating
much heat that must be dissipated. However, data compres-
sion and decompression units typically work sporadically
upon demand and typically do not run continuously. As a
result, inexpensive cooling and/or packaging for such units,
typically adequate for normal operations, may not be suffi-
cient for continuous use. If a data compression/decompres-
sion adapter were run continuously, the unit may overheat
and be damaged. As a result, the preferred embodiment of
the invention has a thermal protection unit 350 for protecting
the data compression/decompression circuitry from such an
occurrence. The thermal protection unit models the thermal
characteristics of the circuit, predicts from the usage pattern
when a thermal overload is imminent, and takes corrective
action. A thermal overload occurs when the circuit is about
to overheat due to a net thermal energy gain such that the

circuit 18 about to exceed a desired temperature. The thermal -

protection units includes a thermal control unit 360 coupled
to a thermal register 370 and a clock 380. In the preferred
embodiment, the thermal control unit receives an ACTIVE
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signal from unit A and unit B whenever those devices are
processing data. Once the thermal control unit determines
that the circuit may be over heating due to unusual continu-
ous operation of units A and B, then the thermal control unit
inhtbits the clock 320. Inhibiting clock 320 slows or stops
units A and B from processing data, thereby allowing the
overall circuit to cool down and preventing overheating.

Operation of the thermal protection unit is described in
greater detail in FIG. 3.

FIG. 3 is a flowchart illustrating operation of the thermal
protection unit described in FIG. 2. In a first step 400 it is
determined whether the thermal register has a value greater
than a maximum value. If not, then in step 410 the register
is decremented if the value of the register is greater than 0
in step 410. Once the register is decremented, the thermal
control unit determines whether unit A is on in step 420. If
unit A 1s on, then in step 430 a predetermined value N, is
added to the thermal register 370. The value of N, is
predetermined as the number of time periods needed to
dissipate heat generated by unit A for each time period unit
A operates. Processing then continues to step 440 to deter-
mine whether unit B is on. If unit B is on, then in step 450
a predetermined value Ny is added to the thermal register.
The value of N is predetermined as the number of time
periods needed to dissipate heat generated by unit B for each
time period unit B operates. Processing then returns to step
400. Steps 400 through 450 are preferably performed in a
predetermined amount of time, preferably a predetermined
number of clock cycles.

If units A and B are operating continuously or nearly
continuously, then the thermal register value may exceed the
maximum value in step 400. Once that condition occurs,
then processing continues to 460. In step 460, clock 320 is
inhibited. In the preferred embodiment, clock 320 is inhib-
ited by turning the clock off thereby stopping operations of
units A and B. In an alternative embodiment, the clock 320
may merely be slowed to a value or a speed that allows units
A and B to continue operating but at a speed that does not
overheat the circuit. Please note that when clock 320 is
inhibited, clock 380 continuous to operate at a predeter-
mined speed such that the thermal protection unit can
continue monitoring the thermal characteristics of the cir-

~cuit. Once the clock is inhibited, processing continues to

step 470. In step 470 it is determined whether the value of
the thermal register is less than a minimum value. If the
register value is still greater than or equal to the minimum
value then the thermal register is decremented in step 480.
The amount of decrementing may be varied based on the
speed of clock 320 if units A and B continue operating at a
lower speed. Processing then returns to step 470. If it is
determined in step 470 that the register value is less than the
minimum value, then processing continues to step 490. In
step 490, clock 320 is reactivated or sped up to the original.
speed. As result, units A and B may then continue operating
normally until another potential overheating situation
OCCurs.

For 1llustrative purposes, an example with values is
described below with reference to FIG. 3. The circuit
described above may be a semiconductor chip on a module
in an environment capable of cooling 100 mW (milliwatts)
of power. Unit A dissipates 2300 mW when it is compressing
data and umt B dissipates 500 mW power when it is
decompressing data. In this case, the thermal register should
decrement by 1 (for 100 mW) for each clock cycle and the
register should increment by 23 (for 2300 mW) for each
clock cycle that unit A is active compressing data and the
register should increment by 5 (for 500 mW) for each clock
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cycle unit B is active decompressing data. Of course, each
incremental value may be rounded up to the next largest
binary value for providing a margin and for simplification of
circuitry. In addition, the amount of decrementing may be a
value other than 1 depending upon the relative cooling
capability of the system. Furthermore, the decrement

amount may also be decreased if some subsystems of the
chip dissipate a constant amount of heat. For example, if the
environment is capable of cooling 300 mW and other
subsystems generate a constant 100 mW of heat per time

period for a net cooling of 200 mW, then the register should

be decremented by 2 each clock cycle in the present
example.

It may be determined that the chip normally operates at 75
degrees centigrade with 100 mW dissipation. It may also be
determined that the chip should not exceed 80 degrees
centigrade and that it takes 65,536 clock cycles to cool the

chip 5 degrees centigrade when neither unit A nor unit B is
operating. As a result, the thermal register should have a
maximum value of 65,536 (however, a margin may also be
provided by reducing the number of clock cycles in the
maximum value). A sixteen bit counter may be used for the
thermal register in this case. If for some reason unit A
operates continuously, then the thermal register will reach
the maximum value in 65,536/(23-1) or 2,979 clock cycles.
If for some reason unit B operates continuously, then the
thermal register will reach the maximum value in 65,536/
(5-1) or 16,384 clock cycles. If for some reason units A and
B both operate continuously, then the thermal register will

reach the maximum value in 65,536/(23+5-1) or 2,428 clock
cycles.

FIG. 4 is a block diagram of an alternative embodiment of
the invention. A circuit S0 which may be an adapter such
as data compression/decompression adapter or may be a
main processing unit or one of may other types of circuits
located within data processing systems. The circuit 500
receives instructions across a bus 505 into instruction han-
dler 510. The instruction handler then passes the instructions
onto unit A 520 or unit B 525. Of course, additional
processing units may be utilized including pipelined units,
parallel units, or any combination thereof, while utilizing the
concepts of the present invention. After unit A and unit B
process the instructions the results of the processes are
passed onto bus S0S.

Circuit 500 includes a thermal protection unit 530 for
preventing the circuit from overheating. The thermal pro-
tection untt includes a thermal control unit 540 coupled to
instruction handler §10. The thermal protection unit also
includes register A S41 and register B 543. Register A
contains the current thermal load for unit A and register B
contains the current thermal load for unit B. Separate
thermal registers for units A and B are used because the units
may be somewhat thermally separated such that one unit
may overheat betore the other unit does. In addition, each
thermal register may partially impacted by both units. For
example, the two units may be separate chips in a module.
If unit A generates S00 mW of heat, the register A may be
incremented by 4 and register B may be incremented by 1 to
model the cross-unit thermal effects. If the units are ther-
mally separated, then separate thermal protection units may
be used for each unit. The operation of the thermal protec-
tion unit may be better understood with reference to FIG. 5.

FIG. 5 is a fiowchart illustrating operation of the thermal
control unit described in FIG. 4. In a first step 600, the
thermal control unit receives from the instruction handler the
type of instruction to be executed and which unit will be
executing that instruction. In step 610, the thermal protec-
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tion unit determines the thermal value for the instruction
type for the executing unit. In step 620, the thermal control
unit determines whether the thermal value for the instruction
type plus the value of the register for the executing unit is
greater than the predetermined maximum value. In addition,

the thermal control unit also determines whether the thermal
load for the other unit is greater than the maximum value for
that unit. If not, then in step 630 the thermal control unit adds
the appropriate thermal value for the instruction type to the
appropriate registers. If the thermal value does exceed the
predetermined maximum values, then in step 640 the ther-
mal control units notifies the instruction handler that the
instruction type cannot be executed by the proposed execu-
tion unit at the current time. The instruction handler then
waits some period of time and retries the instruction type
again at a later time. In an alternative environment the
instruction handler may pass the instruction to a different
execution unit for execution by again querying the thermal
protection unit as to whether the new proposed unit can
execute the instruction. In another alternative embodiment,
a clock for a hot execution unit may be slowed down or
inhibited for some period of time. In addition to the above,
the thermal control unit is continually decrementing all the
registers over time according to the thermal characteristics
of the circuit package and its cooling.

In another alternative embodiment, the thermal protection
circuitry may increase cooling of the circuit being protected
rather than reducing the power consumption of the circuit.
For example, a fan used for cooling the circuit may be sped
up to increase air flow across the circuit, thereby allowing
the circuit to continue operations. This increases cooling
may be modeled by the thermal protection unit by increasing
the amount the thermal register is decremented each clock
cycle. In addition, multiple maximum and minimum values
may be used for each fan speed.

An advantage of the embodiments described above is that
no analog sensors are needed to prevent the circuitry from
overheating. That is, the thermal characteristics of the cir-
cuitry are modeled by using digital signals indicating opera-
tions or future operations of the circuitry, and predetermined
values are used to model the thermal characteristics of those
operations. As a result, the described embodiments are not
subject to the inaccuracies and complexities of analog
circuits, and can be integrated into the digital circuitry and
manufactured using the same process.

Although the present invention has been fully described
above with reference to specific embodiments, other alter-
native embodiments will be apparent to those of ordinary
skill in the art. Therefore, the above description should not
be taken as limiting the scope of the present invention which
1s defined by the appended claims.

What 1s claimed is:

1. An apparatus for managing operations of a circuit
which executes a sequence of digital instructions, compris-
ing:

means responsive to said sequence of digital instructions

to be executed by said circuit for computing predicted
cumulative power dissipation to be caused by said
sequence of digital instructions by accumulating pre-

determined thermal load values for said sequence of
instructions to be executed;

means for determining whether said cumulative power
dissipation exceeds a permissible range of said circuit,
and if so, to produce an overload indication; and

means, responsive to said overload indication from said
means for determining, for reducing the cumulative
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power dissipation of said circuit prior to execution of
said sequence of instructions.

2. The apparatus of claim 1 wherein said means for
reducing includes delaying execution of said sequence of
instructions.

3. The apparatus of claim 1 wherein said means for
reducing includes reducing a clock speed of said circuit.

4. The apparatus of claim 1 wherein said means for
reducing includes increasing cooling of said circuit.

S. The apparatus of claim 1 wherein the means for
reducing includes causing a second circuit to execute said
sequence of instructions.

6. An apparatus for managing operations of a circuit
which executes a sequence of digital instructions, compris-
ing:

means responsive to said sequence of digital instructions

to be executed by said circuit for computing a predicted
cumulative power dissipation to be caused by said
sequence of digital instructions by accumulating pre-
determined thermal load values for said sequence of
instructions to be executed;

means for determining whether said cumulative power
dissipation exceeds a permissible range of said circuit,
and if so, to produce an overload indication; and

means, responsive to said overload indication from said
means for determining, for reducing the cumulative
power dissipation of said circuit when said power
dissipation is determined to exceed the permissible
range of the circuit prior to execution of the sequence
of instructions to be executed.

7. The apparatus of claim 6 wherein said means for
reducing includes inhibiting a clock of said circuit.

8. The apparatus of claim 7 wherein said means for
reducing includes reducing a clock speed of said circuit.

9. The apparatus of claim 6 wherein said means for
reducing includes increasing cooling of said circuit.

10. The apparatus of claim 6 wherein the means for
reducing includes causing a second circuit to execute said
sequence ol instructions.

11. A method for managing operations of a circuit which
executes a sequence of digital instructions, comprising the
steps of;

computing, in response to said sequence of digital instruc-
tions to be executed by said circuit, a predicted cumu-
lative power dissipation to be caused by said sequence
of digital instructions by accumulating predetermined
values for each instruction of said sequence of instruc-
tions to be executed;

determiming whether said cumulative power dissipation
exceeds a permissible range of said circuit, and if so,
producing an overload indication; and

in response to said overload indication, reducing, subse-
quent to said step of determining, the cumulative power
dissipatton of said circuit prior to execution of said
sequence of instructions.

12. The method of claim 11 wherein said step of reducing
includes delaying execution of said sequence of instructions.

13. The method of claim 11 wherein said step of reducing
includes reducing a clock speed of said circuit.

- 14. The method of claim 11 wherein said step of reducing
includes increasing cooling of said circuit.

15. The method of claim 11 wherein the step of reducing
includes causing a second circuit to execute said sequence of
instructions.

16. A method for managing operations of a circuit which
executes a sequence of digital instructions, comprising the
steps of: '
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computing a predicted cumulative power dissipation to be
caused by said sequence of digital instructions by
accumulating predetermined thermal load values for
each instruction of said sequence of instructions to be
executed:;

determining whether said cumulative power dissipation
exceeds a permissible range of said circuit, and if so,
producing an overload indication; and

in response to said overload indication, reducing, subse-

quent to said step of determining, the cumulative power
dissipation of said circuit when said power dissipation
1s determined to exceed said permissible range, prior to
execution of the sequence of instructions to be
executed.

17. The method of claim 16 wherein said step of reducing
includes inhibiting a clock of said circuit.

18. The method of claim 17 wherein said step of reducing
includes reducing a clock speed of said circuit.

19. The method of claim 16 wherein said step of reducing
includes increasing cooling of said circuit.

20. The method of claim 16 wherein the step of reducing
includes causing a second circuit to execute said sequence of
instructions.

21. A data processing system comprising:

processing means for processing data, said processing
means executing a sequence of digital instructions;

storage means for storing data to be processed by said
processing means; and

means for managing operations of said processing means

including

1) means responsive to said sequence of digital instruc-
tions to be executed by said circuit for computing
predicted cumulative power dissipation to be caused
by said sequence of digital instructions by accumu-
lating predetermined thermal lead values for said
sequence of instructions to be executed;

i1) means for determining whether said cumulative
power dissipation exceeds a permissible range of
said circuit, and if so, to produce an overload indi-
cation; and

111) means, responsive to said overload indication from
said means for determining, for reducing the cumu-
lative power dissipation of said circuit prior to
execution of said sequence of instructions.

22. The data processing system of claim 21 wherein said
means for reducing includes delaying execution of said
sequence of instructions.

23. The data processing system of claim 21 wherein said
means for reducing includes reducing a clock speed of said
processing means.

24. The data processing system of claim 21 wherein said
means for reducing includes increasing cooling of said
processing mearns.

25. The data processing system of claim 21 wherein the
means for reducing includes causing a second circuit to
execute said sequence of instructions.

26. A data processing system comprising:

processing means for processing data; said processing
means executing a.sequence of instructions for pro-
cessing said data;

storage means for storing data to be processed by said
processing means; and

means for managing operations of said processing means,
comprising: |

1) means responsive to said sequence of digital instruc-

tions to be executed by said circuit for computing a
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predicted cumulative power dissipation to be caused
by said sequence of digital instructions by accumu-
lating predetermined thermal lead values for said
sequence of instructions to be executed;

11) means for determining whether said cumulative
power dissipation exceeds a permissible range of
said circuit, and if so, to produce an overload indi-
cation; and |

1ii) means, responsive to said overload indication from
said means for determining, for reducing the cumu-
lative power dissipation of said circuit when said
power dissipation is determined to exceed the per-
missible range of the circuit prior to execution of the
sequence of instructions to be executed.
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27. The data processing system of claim 26 wherein said
means for reducing includes inhibiting a clock of said
processing means.

28. The data processing system of claim 27 wherein said
means for reducing includes reducing a clock speed of said
processing means.

29. The data processing system of claim 26 wherein said

means for reducing includes increasing cooling of said
processing means.

30. The data processing system of claim 26 wherein the

means for reducing includes causing a second circuit to
execute said sequence of instructions.
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